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	  	  	  	  	  	  	  	  	  	  	  	  	  Ejecta	  Clouds	  	  

Smaller	  objects:	  	  unbound	  cloud	  
Amalthea	  and	  Thebe	  at	  Jupiter	  
Phobos	  and	  Deimos	  at	  Mars	  ?	  	  	  

	  Bigger	  	  objects:	  	  	  bound	  cloud	  
	  Jupiter	  icy	  moons	  (Galileo/DDS)	  
	  Moon	  (LADEE/LDEX)	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Basic	  model	  
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Total	  mass	  produc@on:	  
	  
	  
	  
Mass	  distribu@on	  of	  ejecta:	  
	  
	  
	  
Speed	  distribu@on	  of	  ejecta:	  
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	  	  	  	  	  	  	  	  	  	  	  	  	  Jupiter’s	  gossamer	  rings	  	  12 Joseph A. Burns et al.

Figure 11.12. This mosaic of four Galileo images (416088922-
416089045), taken through the clear filter (0.611 µm) at an el-
evation of 0.15◦, shows the edge-on gossamer rings of Jupiter
across phase angles of 177-179◦. The halo and main ring are over-
exposed (solid white with a black outline; cf. Fig. 11.6) at left.
White crosses mark the extremes of the radial and vertical mo-
tions of Amalthea and Thebe as caused by their eccentric and
inclined orbits (Table 1). Clearly Amalthea (whose position is
roughly in mid-image) bounds one gossamer ring (its ring is the
narrower and brighter strip extending to the right from the main
ring); Thebe’s ring is the thicker and fainter band reaching yet fur-
ther right. A very faint outward extension to the Thebe ring is also
apparent. This image has been enhanced logarithmically to show
all the ring components; in reality the Amalthea ring is approxi-
mately ten times fainter than the main ring, while the Thebe ring
is ten times fainter again than the Amalthea ring. Note that each
gossamer ring is densest along its vertical extremes, particularly
the top strip of Amalthea’s ring. The image, with a re-projected
radial resolution of 400 km, has been expanded vertically by a
factor of two to better show the rings’ vertical structure. From
Burns et al. 2001.

(Fig. 11.12), where particles on inclined orbits spend most
of their time.

One component that violates this simple interpretation
is an outward extension to the Thebe ring (Fig. 11.12), which
is about ten times fainter than the Thebe ring itself. Because
it has the same vertical thickness as the Thebe ring, it is
likely to be related. In Sec. 11.5.2 we discuss how some ma-
terial might be found outward of Thebe while the majority
of the material evolves inward.

The integrated brightness of each gossamer ring in
Fig. 11.12 appears to vary uniformly with distance from
Jupiter, although the ring’s brightness drops abruptly in
Thebe’s locale (this is clearly visible in Fig. 15 of Ockert-Bell
et al. 1999, which plots the average intensity of the gossamer
rings). Since strong Lorentz resonances exist throughout this
region, these observations may constrain the charge-to-mass
of ring particles (cf. Burns et al. 1999 and Sec. 11.5.2).

If the gossamer ring’s dust is perturbed significantly by
electromagnetic forces, then one might anticipate that the
numerous Lorentz resonances (discussed in Sec. 11.4.2) in
the region would be prominent in the rings’ visible struc-
ture. This is not observed. In fact, the images contain no
evidence for an effect from Jupiter’s synchronous orbit at
2.24 RJ (160,225 km). (The subtle “synchronous feature”
described by Showalter et al. 1985 was probably a result
of their misinterpreting the ring as a thin, equatorial struc-
ture.)

As in the case of the halo, photometric modeling of the
gossamer rings is problematic because of their diffuse struc-
tures and overall faintness. Accordingly, the rings’ size distri-
butions are undetermined. These rings have been detected in
just one Voyager image, a set of Galileo images, and the Keck
ground-based results by de Pater et al. 1999. The gossamer
rings have been sought in the Cassini images, so far without
success. The 2003 HST and Keck data are being searched
for the presence of these signatures. Although the substan-
tial brightening at high phase clearly points to fine dust, no
detailed modeling of the few available measurements has yet
been performed. Assuming dust sizes like those in the main
ring, the Amalthea-gossamer-ring’s τ ∼ 10−7 and Thebe’s is
five to ten fainter still (Showalter 1989, Burns et al. 2001).

The outer region of the gossamer rings was penetrated
by the Galileo spacecraft during its close flyby of Amalthea
in which period a few thousand dust impacts were counted;
complete data sets were transmitted for some 90 impacts
(Krüger et al. 2003). These measurements will allow the
first actual comparison of in-situ measurements with the
distribution inferred by inverting optical images; however
calibration may be troublesome because the instrument was
not tested in the laboratory in the appropriate ranges and
because of its deterioration in the Jovian magnetosphere.
At the time of writing, the as-yet incomplete analysis sug-
gests that small motes dominate the number density whereas
larger grains contribute most of the optical depth; the num-
ber of impacts increases as Jupiter is approached as does
the fraction of small grains. The particle mass distribution
appears to be the same in the Thebe ring as in its faint ex-
tension, but to be somewhat steeper in the Amalthea ring.
The mean particle size is a few microns.

11.4 PROCESSES ACTING ON

CIRCUMPLANETARY DUST

11.4.1 Drags and Lifetimes

The photometric behavior described above mandates that
grains (microns to tens of microns in size) are prevalent
throughout Jupiter’s rings and that they account for much
–if not all– of the vertical structure visible in forward-
scattered images. Tiny particles are substantially influenced
by an array of processes (see Fig. 11.13) that are negligible
for larger bodies. For example, very small (< 0.05µm), elec-
trically charged ring motes suffer much larger Lorentz ac-
celerations than gravitational ones. In addition, the orbital
evolution of bigger grains is governed by non-gravitational
forces. These lead to orbital changes that are relatively rapid
(timescales are 10–105 yr for a 1-µm grain), although not
well constrained (see below). Furthermore, such tiny motes
live only briefly (103–105 yr for a 1-µm grain) owing to sput-
tering by the surrounding plasma and collisions with grav-
itationally focussed interplanetary micrometeoroids (Burns
et al. 1980, Grün et al. 1984, Burns et al. 2001). These two
effects imply that, for Jupiter’s rings to be long-lived, the
dust must be regenerated continually, presumably coming off
both seen and unseen source bodies. Expressions for many
of these forces and a discussion of the dynamics of Jovian
dust are given in Sec. 10.4.1 of the chapter on Jovian dust
streams (specifically see Table 10.2 and Fig. 10.9).

Amalthea	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Thebe	  

Burns	  et	  al.,	  2001	  

1)	  Life@me	  set	  by	  plasma	  drag	  
	  
2)	  Dust	  ejecta	  speeds	  are	  	  modest	  (<	  km/s)	  
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	  	  	  	  	  	  	  	  	  	  	  	  	  Dust	  dynamics	  at	  Mars	  JUHASZ ET AL.' DENSITY OF DUST HALO AROUND MARS 1209 
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Fig. 6. The lifetime of particles lost from the Martian moons as 
a function of their size. Loss mechanisms: dotted line, electromag- 
netic forces' solid line, light pressure' dashed line, collision with the 
moon. 

value of Tc ranges from a few years to ---1000 years, and it 
monotonically decreases as the particle's size increases. 

A loss mechanism of minor importance is the Poynting- 
Robertson effect which depends on the particle size and 
causes orbital decay. The Poynting-Robertson effect permits 
the lifetime [Burns et al., !979] 

TpR = 2.15 x 10 7 pa (year) (!5) 
QPR 

where Q PR is the radiation pressure coefficient. The charac- 
teristic value of TpR is about ---105 years, which is much 
longer than other lifetimes. Figure 6 presents the lifetimes of 
particles of different sizes which are subjected to different 
loss mechanisms. There is a discontinuity in the lifetime at 
the critical radius a 0. The lifetime of particles with sizes a 
little larger than a0 cannot be well determined. The orbit of 
these particles has an eccentricity very close to the possible 
maximum value, but they avoid a collision with Mars due to 
light pressure perturbation. Then the primary loss mecha- 
nism will be the collision with the satellite, acting on a much 
longer time scale. The large difference between the lifetimes 

permitted by these two loss mechanisms is responsible for 
the jump in the lifetime curve. 

4. SPATIAL DENSITY OF THE DUST GRAINS 
AROUND MARS 

We can easily calculate the average number density of 
dust grains around Mars on the basis of the above discussed 
parameters: production rate l(q) and lifetime of escaping 
particles and the volume V which contains their trajectories. 
Assuming an eauilibriurn situation. the mean density is 
simply 

a = I(q) TIV. (16) 

When calculating the mean number density of grains, we 
divided the size range of 0.01 /Am < a < 1 mm into smaller 
intervals and for these size intervals (9) provided the number 
of particles escaping from the moons per second. For 
particles smaller than the critical radius a0, we determined 
the lifetime by numerical simulations. For larger grains, the 
lifetimes were calculated by (14). As discussed above, the 
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	  Life@me	  is	  set	  by:	  a)	  E&M	  perturba@ons;	  b)	  radia@on	  pressure;	  c)	  collisions	  	  
	  	  

Par@cle	  life@mes	  @	  Deimos	  
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	  	  	  	  	  	  	  	  	  	  	  	  	  Dust	  tori	  at	  Mars	  

Juhasz	  et	  al.,	  2014	  
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	  	  	  	  	  	  	  	  	  	  	  	  	  Hint:	  “Phobos	  event”	  (1989)	  	  
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	  	  	  	  	  	  	  	  	  	  	  	  	  Normal	  op@cal	  depth	  es@mates	  

to Deimos, nearly compensate for larger radii and there-
fore lower production rates of Phobos particles.) Due to
low escape velocities from the surfaces of both moons
(o10m s!1), a sizeable fraction of ejecta should escape. In
what follows, we adopt

Nþ#105 s!1, (4)

which is a ‘‘cautious’’ or ‘‘reasonably pessimistic’’ estimate.
Still, one should keep in mind that the parameter Nþ is
very uncertain.

Combining the dust production rate with knowledge of
dynamics (typical eccentricities and inclinations of the
particles, lifetimes against collisions with the moons etc.),
one can easily estimate the optical depth of the belts (see
Section 3.2 of Krivov and Hamilton, 1997 and Section 4.2
of Makuch et al., 2005 for explicit formulas). The results,
presented in Fig. 2 (dashed lines), are consistent with the

recent non-detection of the tori (Showalter et al., 2006). In
the ‘‘cautious’’ case (Nþ#105 s!1) the optical depth of the
Phobos ring (Deimos belt) is by two (one) order(s) of
magnitude below the observational limits of 2001.
We now obtain more accurate estimates of the optical

depths, by taking into account effects of mutual collisions
of the torus particles which, as Makuch et al. (2005)
showed, may be important for the Deimos torus. The
results are depicted in Fig. 2 with solid lines. Comparison
with dashed lines, computed without taking collisions into
account, shows that collisions may indeed reduce the
optical depth of the Deimos torus (bottom panel) by a
factor of several for a higher production rate Nþ#106 s!1.
For the ‘‘cautious’’ value of 105 s!1, however, the difference
is less than a factor of two. Besides, the collisions weaken
the dependence of the optical depth on Nþ. This helps
making predictions: the uncertainty of the optical depth
turns out to be less than the uncertainty in the production
rate. The fact that collisional lifetimes of Deimos grains are
comparable to their lifetimes against accretion by satellites
may reinforce discussion of possible self-sustainment of the
Deimos torus—an idea proposed by Sasaki (1994) more
than 10 years ago. In contrast, mutual collisions of grains
in the Phobos torus (top panel in the same figure) are
unimportant.

5. Observability of the dust belts: discovery in late 2007?

The Phobos ring lies in the equatorial plane of Mars. The
symmetry plane of the Deimos torus is tilted to the
equator, but its line of nodes coincides with the direction to
the Mars’ vernal equinox (Hamilton, 1996; Krivov and
Hamilton, 1997). This implies that both belts are seen edge-
on, and have the maximum optical depth, during Mars’
equatorial plane crossings. Of course, the chances to detect
the belts are the best if a plane crossing occurs close to
opposition, when geocentric distance to the planet is at a
minimum.
The previous event of plane crossing near opposition

took place in May 2001 when the minimum geocentric
distance was 0.5AU. As Showalter et al. (2006) pointed
out, the next one will occur in December 2007, though at a
somewhat larger distance of 0.6 AU. Still, it offers the best
chance to look for the martian dust belts observationally
for many years to come: the next opportunity will not be
until July 2033. Fig. 10 in Showalter et al. (2006) depicts
the details of the viewing geometry during the upcoming
plane crossing in late 2007. On December 19, 2007 the
geocentric distance to Mars reaches a minimum of
0.589AU. The minimum phase angle of about 2:1$ is on
December 25, 2007. The opening angle of the Mars’
equatorial plane reaches zero on January 01, 2008 and then
once again on February 29, 2008. The best time window for
Phobos dust ring searches would be the week between
Christmas 2007 and New Year Day 2008. For the Deimos
torus the window may be broader, extending to a few

ARTICLE IN PRESS

Fig. 2. Expected normal optical depth of the Phobos (top) and Deimos
(bottom) dust tori, as a function of the (vaguely known) production rate of
particles that make the largest contribution to the optical depth (radii
from 20 to 30mm for Phobos and from 10 to 15mm for Deimos). The
plausible range of this production rate is hatched. Dashed and solid lines:
models without and with mutual collisions of the torus particles.
Horizontal double dashed and double solid lines mark upper limits of
the optical depth set by observations with Viking cameras in 1980
(Duxbury and Ocampo, 1988) and Hubble Space Telescope in 2001
(Showalter et al., 2006).

A.V. Krivov et al. / Planetary and Space Science 54 (2006) 871–878 875

nondetec@on	  
HST	  (2007)	  ?	  	  	  

nondetec@on	  
HST(2007)	  ?	  	  

Krivov	  et	  al.,	  2006	  

Takes	  decades	  to	  ‘fill’	  the	  torus	  !	  	  	  	  	  	  	  	  	  	  
	  
Typical	  densi@es	  ~	  10-‐4	  	  m-‐3	  

	  	  
Dominant	  par@cle	  size	  
	  (max	  of	  life@me	  x	  produc@on	  rate)	  	  
	  Deimos:	  10	  -‐	  20	  	  μm	  	  	  	  	  	  	  	  	  	  	  	  
	  Phobos:	  30	  -‐	  50	  	  μm	  
	  
	  
Siding	  Spring	  is	  unlikely	  to	  make	  a	  
‘no;cable’	  effect	  on	  the	  large-‐scale	  
structure	  of	  the	  dust	  tori.	  
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	  	  	  	  	  	  	  	  	  	  	  	  	  Closer	  look:	  Expected	  dust	  density	  near	  Phobos	  	  

A[ Krivov\ A[ Jurewicz : Planetary and Space Science 36 "0888# 34�45 40

Fig[ 3[ Contour plots for column density of the Phobos ejecta as seen
along the z!axis[ Isodensity curves from peripheral to central parts of
the plots correspond to 09\ 29\ 099\ 299 and 0999 "labels are shown in
the top panel#[ The unit is the number of the modelled points present
in 0�0 km columns parallel to the z!axis[ Top ] 099 mm!sized grains ^
middle ] 0 mm!sized grains for l✓= � l � 9 "Sun is to the left# ^ bottom ] 0
mm!sized grains for l✓= � 9\ l � 079> "Sun is to the right#[

Fig[ 4[ Same as Fig[ 3\ but for the Deimos ejecta[
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JPL Workshop 09/19/2014! 9	  

	  	  	  	  	  	  	  	  	  	  	  	  	  Siding	  Springs	  	  
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~	  10-‐7	  grains/m2	  

~	  20	  minutes	  
	  	  	  	  Tricarico	  et	  al.,	  2014	  
	  	  	  	  	  	  Kelley	  et	  al.,	  2014	  

Grun	  et	  al.,	  1985	  
Siding	  Spring	  enhanced	  dust	  flux	  
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	  	  	  	  	  	  	  	  	  	  	  	  	  Siding	  Springs	  	  

Cumulative mass flux
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	  	  	  	  	  	  	  	  	  	  	  	  	  Siding	  Springs	  	  

Cumulative energy flux
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	  	  	  	  	  	  	  	  	  	  	  	  	  Possible	  MRO	  observa@on	  	  
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	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Summary	  	  	  

MRO	  &	  MOM	  might	  observe	  the	  con@nually	  present	  ejecta	  dust	  clouds	  at	  both	  Phobos	  and	  
Deimos,	  as	  well	  as	  a	  short	  lived	  increase	  in	  the	  dust	  density	  of	  <1	  to	  up	  to	  2	  orders	  of	  
magnitude	  near	  Phobos	  following	  the	  encounter	  of	  comet	  Siding	  Spring.	  
	  
	  
In	  forward	  scaoered	  light	  the	  brightness	  due	  to	  micron	  sized	  and	  smaller	  ejecta	  par@cles	  
could	  conspire	  to	  be	  a	  booming	  signal,	  	  but	  it	  will	  persist	  only	  for	  <	  minutes	  aper	  the	  passing	  
of	  the	  enhanced	  fluxes	  of	  cometary	  dust	  par@cles.	  	  
	  
	  
If	  detected,	  this	  natural	  enhancement	  in	  the	  impact	  flux	  will	  help	  to	  characterize	  the	  
development	  of	  a	  dust	  torus	  around	  Mars.	  The	  existence	  of	  this	  thin	  torus	  has	  been	  
predicted,	  but	  the	  high-‐energy	  impact	  flux	  from	  Siding	  Spring	  could	  provide	  an	  excellent	  
opportunity	  to	  raise	  the	  probability	  of	  detec@on	  of	  this	  phenomenon,	  	  and	  probe	  the	  
interac@on	  between	  small	  body	  regolith	  and	  the	  space	  environment.	  
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